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18. IN VIVO CULTURE OF TREPONEMES: IV. IN OTHER ANIMALS
MOUSE SYPHILIS

Kolle & Schlossberger (1926, 1928; see also
Schlossberger, 1927, 1929) first showed that the
white mouse and rat will develop a symptomless
infection in which the treponemes remain latent
indefinitely; this may be demonstrated by inoculation of an emulsion of appropriate material from an
asymptomatic mouse into the testicle or skin of a
rabbit, at which site a visible syphiloma will later
appear (see Gueft & Rosahn, 1948; Kolle &
Schlossberger, 1926; Rosahn et al., 1948; Levaditi &
Vaisman, 1950b; Rosahn & Rowe, 1950; Bessemans
& Baert, 1956). A number of workers have since
used the mouse as a storehouse of virulent T. pallidum. (For reviews of the literature, see Gueft &
Rosahn, 1948; Karrenberg, 1932-who reviewed the
literature in German-and the monograph of
Vaisman, 1936; see also Ovcinnikov, 1955). Previously Uhlenhuth & Mulzer (1913; see Gueft &
Rosahn, 1948) had concluded that the mouse was not
susceptible to T. pallidum, as they had inoculated
mice with rabbit chancre material and no lesions had
developed.

Involvement of organs
Mice may be inoculated subcutaneously or intraperitoneally, and the infection may be transferred to
other animals using lymph-node material (Stratton,
1946) or by using organs of which blood, skin,

spleen, brain, lymph-nodes, etc. are infective.
Vemes (1936), for example, transferred mouse liver
to the rabbit to test virulence.
Occasionally, however, a local chancre can be
produced in the mouse by inoculation of the scarified
skin of the ano-scrotal region (Bessemans & de
Potter, 1930, 1931; see Wilson & Miles, 1955). In
the white mouse and the guinea-pig the serum reactions to the conventional serum tests for syphilis are
negative (Ovcinnikov, 1955), although tests based on
treponemal antigens do become positive.
Once infected, mice remain so for long periods;
Rosahn (1952) found mice still infectious 642-872
days after inoculation. Whether the presence of
syphilis in the mouse affects the life-span is not clear.
According to Gueft & Rosahn (1948) the statement
by Levaditi et al. (1937) that they had the impression
that syphilitic mice died at an earlier age, and were
more cachectic than non-syphilitic control animals,
was the only reference to this. Rosahn (1952),
however, found that the life-span of syphilitic mice
was significantly less than that of non-syphilitic
control animals.
Different species of mice may be affected (Wile &
Johnson, 1945a) particularly the white mouse (Kolle
& Schlossberger, 1926; Bessemans & de Moor,
1939; see Stratton, 1946). Mice of all ages from
birth to maturity may be affacted. Rosahn et al.
(1948) noted that after intraperitoneal or subcutaneous injection of the mouse, the blood, skin,
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spleen, brain and lymph-nodes were all found
infective-the lymph-nodes most, the brain least, but
the latter was more often affected after a long period
of infection. (Relapsing fever borreliae also may
persist in the brains of mice 50 days or more after
their disappearance from the blood stream; Addamiano & Babudieri, 1957.) In mouse syphilis the
skin was more often affected after subcutaneous than
after intraperitoneal injection. The incubation
period varied with the different organs (e.g., lymphnodes 30 days, spleen 50 days, brain 150 days) as
tested by rabbit inoculation. The mouse tissues
would produce a specific orchitis in about 60 days
after intratesticular injection into a rabbit. In the
rabbit the inoculation period is 34-45 days, and
asymptomatic infection is uncommon.

Possibility of ultramicroscopic forms of T. pallidum
Apart from the lack of visible lesions in the mouse,
there is an absence of microscopical changes, and
T. pallidum is seldom found by microscopic examination even in mice shown to be infective by rabbit
inoculation (Karrenberg, 1932; Levaditi, Vaisman,
Schoen & Metzger, 1933; Wile, 1947; Gueft &
Rosahn, 1948; Turner & Hollander, 1952); and even
after several successful passages Gueft & Rosahn
(1948) reported that innumerable dark-field examinations failed to show an organism. Wile (1947; see
Stokes & Beerman, 1948) showed that mouse
material capable of transmitting the disease apparently contained neither treponemes nor histological
changes characteristic of syphilis. Johnson & Wile
(1947), on the other hand, showed that the infectivity
of mouse brain was lost by passage through a coarse
Mandler filter.
Whether the mouse harbours active treponemes in
small numbers or granular infravisible variants has
received consideration (Gueft, 1947; Levaditi et al.,
1928). Levaditi, Vaisman & Schoen (1933) also
showed that no invisible forms apparently passed
filters. Eagle (1948) has stressed, however, that it
requires a considerable number of treponemes in a
given fluid before they are easily detectable by darkfield examination, and some authors (e.g., Levaditi,
Vaisman & Schoen, 1933; Vaisman, 1936; see
Stratton, 1946) have with due care been able to
demonstrate treponemes in various organs previously considered free from them.
Stroesco & Vaisman (1936; see Stokes & Beerman,
1948) in Levaditi's laboratory, developed a silver
t See also section 7.
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impregnation stain applicable to frozen sections and
were able to demonstrate treponemes in the first
generation of infected mice. These were few in number and were not found in mice of subsequent generations. Bessemans (1938; see Rose & Morton, 1952)
was able to demonstrate visible treponemes in both
the brain and lymph of infected mice, as were Kato
(1931a) and Bessemans et al. (1935); much depends
on the persistence of the observer (Gueft & Rosahn,
1948).
Virulence of T. pallidum in the mouse
Virulence may be retained for varying times in
different organs. A pooled suspension of infective
mouse liver, spleen and gonads retains its virulence
for longer than does brain emulsion (Wile, 1947;
see Stokes & Beerman, 1948).
Stratton (1946) reported that transfer of brain,
lymph-nodes and spleen from mouse to mouse was
possible for the first transfer, but subsequently
lymph-nodes proved the only one of these organs
capable of maintaining infectivity through subsequent passages.
Turner (1938; see Stratton, 1946) found that
virulent T. pallidum could be maintained in the
frozen state (-78°C) in mouse spleen for one year.
At this time mouse brain similarly stored had lost
its virulence.
Size of inoculum
Rosahn & Rowe (1950) inoculated groups of mice
intraperitoneally with graded dilutions of T. pallidum
from 250 000 to 5 000 000 organisms. Following
incubation periods of 10-13 days and 81-92 days,
lymph-nodes from these animals were subinoculated
into rabbits. The minimal number of organisms
capable of producing lesions in rabbits 10-13 days
after their inoculation into the mouse was one million. At 81-92 days it was 100 000-a tenfold difference. The division time of T. pallidum was calculated at approximately 24 days, compared with
30-33 hours in the rabbit. This might account for
differing reactions in the two animals.
Even the serum reactions in the mouse are
minimal. Berlinghoff (1957) studied the treponemal
immobilization test in mouse syphilis. No positive
TPI reaction was found, although rabbits inoculated
from such mice developed such a reaction. Gastinel
et al. (1959), on the other hand, found immobilizing
titres which appeared much earlier and persisted for
much longer when live rather than dead treponemes
were used
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Yaws in mice was described by Schlossberger
(1927). Yaws runs a similar course to syphilis, according to Kato (1931b) and Yasumoto (1932, 1933;
see Matsumoto, 1942; Turner & Hollander, 1957).
T. cuniculi will also produce a latent infection in the
white mouse (Bessemans & de Moor, 1939).
Levaditi & Vaisman (1950a) queried whether the
clinically inapparent syphilis in the mouse was
aggravated by tuberculosis. The possible alteration
of the receptivity of syphilitic mice to treponemal
infections after sterilization with penicillin was considered by Vaisman (1951).
RATS

Rats, like mice, also harbour the organisms for
long periods without gross lesions (Kolle & Schlossberger. 1926; Bessemans & de Moor, 1939;
Schereschewsky, 1936). T. cuniculi will also produce
a latent infection in the white rat (Bessemans & de
Moor, 1939).
GUINEA-PIGS

The guinea-pig appears to be intermediate in susceptibility to clinical infection between the rabbit and
rats and mice. Kolle & Evers (1926) and Tani et al.
(1930; see Wilson & Miles, 1955, and Bessemans &
de Moor, 1939) showed that intratesticular inoculation of guinea-pigs gave rise to no obvious lesions,
although intracutaneous inoculation, particularly in
the perineal fold, might be followed in about 11 days
by the development of a swelling which persisted for
about seven weeks (see also Mulzer & Hahn, 1930;
Kato, 1932; Matsumoto, 1942; Turner & Hollander,
1957; Lesinski et al., 1960). After inoculation the
lymph-nodes are probably reached within five
minutes, compared with 30 minutes in the rabbit and
probably longer in apes and humans (Wilson &
Miles, 1955), and the lymph-nodes have been shown
to be dark-field-positive (Kolle & Evers, 1926). As in
the mouse the conventional serum reactions to
syphilis in the guinea-pig remain negative (Ovcinnikov, 1955), although tests based on treponemal
antigens do become positive.
Wicher & Jakubowski (1964a) noted that cortisone
prolonged the incubation period, shortened the
duration of the lesions and affected the character of
changes in guinea-pigs intradermally injected with
T. pallidum, but had no effect on animals injected
intratesticularly or intravenously. The same authors

(1946b) reported that the effects of cortisone were
found only if given before inoculation with
T. pallidum but not when given after.
In the hands of Turner & Hollander (1957) 31 out
of 51 animals infected with T. pallidum developed
dark-field-positive lesions-100 % in their later
series-and all of 30 guinea-pigs inoculated on the
back or scrotum with T. pertenue developed lesions
on one or both sides. The lesions were only slightly
indurated and often showed only scaly surfaces. As
guinea-pigs proved slightly less susceptible (although
considered more susceptible than is stated in the
older literature), the rabbit and hamster were
preferred.
T. cuniculi will also produce a latent infection in
the guinea-pig (Bessemans & de Moor, 1939);
Turner & Hollander (1957) and Lesinski et al. (1960)
produced experimental back lesions but not scrotal
lesions. Wichelhausen (1942) used guinea-pigs in the
culture of mouth treponemes. Fusospirochaetes injected intramuscularly into guinea-pigs provoked
an abscess, material from which was then cultivated
in artificial medium.
Popescu (1963) found that, although streptomycin
would arrest syphilis in some guinea-pigs, 28% of
animals showed a prolonged incubation period of
the disease.
HAMSTERS

Bessemans & de Moor (1939), Bessemans, de
Moor & de Rigge (1938), Bessemans, de Wilde & de
Moor (1938), and Bessemans, de Wilde & Van
Thielen (1938) (see Turner et al. (1953) reported that
hamsters usually develop only a symptomless
infection following inoculation with T. pallidum or
T. cuniculi, although treponemes can be demonstrated in the enlarged lymph-nodes, often in large
numbers, reaching a peak four to six weeks after
inoculation (Turner & Hollander, 1957). Positive
dark-fields may be obtained from the lymph-nodes
for a year or more-see also Wile & Johnson (1945b),
Bessemans & de Moor (1939), Bessemans, de
Moor & de Rigge (1938), Bessemans & de Wilde
(1935), Rosenau (1953), Thirolet (1959) and Turner
& Hollander (1957), who had maintained a number of
syphilis strains solely in hamsters for some years.
The golden or Syrian hamster (Mesocricetus
auratus) is that usually used (Wile & Johnson,
1945a; Turner & Hollander, 1952) although several
species are susceptible. Intradermal inoculations on
the back or groin are usually used (Stokes &
Beerman, 1948). Like the rat and albino mouse, the
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animals have been stated to be " merely test-tubes"
(Stokes & Beerman, 1948). The golden hamster does
not even develop a positive seroprecipitation reaction
(Kahn test) for the disease (Wile & Johnson, 1945b).
Geiman & McKee (1950; see Turner & Hollander,
1952) stated that lesions could often be produced in
hamsters by yaws but not usually by syphilis strains.
Turner & Hollander (1952), however, found that
treponemes from cases of yaws and endemic syphilis
(bejel) produced lesions only slightly more often than
treponemes from cases of venereal syphilis (rabbitadapted). Turner et al. (1953) reported that the
newly isolated treponemes of the Nichols rabbit
strain of syphilis, yaws and bejel could evoke lesions
when inoculated on the skin, scrotum or lip. No real
differences were noted in the character of the lesions,
which were possibly slightly more frequent in yaws
and bejel. All hamsters with all species showed
visible T. pallidum by dark-field examination of the
inguinal lymph-nodes. Indeed, from their work with
hamsters at this time, these authors concluded that to
postulate definite biological differences between the
species of treponeme was not justified. However,
with additional experience with this animal, Turner
& Hollander (1957) considered that the hamster did
reveal strain differences in treponemes by showing
three types of reaction. One was characterized by
few local lesions but with involvement of the regional
lymph-nodes, described as the syphilis type; there
was another in which local lesions were common but
involvement of the regional lymph-nodes rarely
occurred, found in some yaws strains; and there was
an intermediate type in which both local lesions and
involvement of the lymph-nodes were noted, and
which was found in most strains from patients with
yaws and endemic syphilis.
The clinical infection of yaws in the hamster undergoes exacerbation and remission (Geiman, 1951;
Hill & Gordon, 1954). Hill & Gordon (1954) inoculated hamsters with yaws infranasally by injection of the upper lip with serum from an active lesion
in a human or in another hamster, or by scarification
of the upper lip rubbed on the open lesion of another
infected animal. Inoculation in this site is disliked as
it is a potential danger to other animals if the animal
becomes vicious (Turner & Hollander, 1957), and
also, with secondary infection the nares may become
obstructed. In Hill & Gordon's animals, after three
to seven weeks a papule-and after a few days more
a framboesial lesion-developed. In several cases
auto-inoculation of paws, ears, inguinal, perianal
and tail regions was observed. Some animals died;
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in others the lesion regressed and healed. After
2-10 weeks there was an exacerbation of the disease
at the original site; it might recur three or four times
over a period of 18 months. Hill & Gordon considered it possible, on histological grounds, that the
recurrences might be due to organisms lying dormant
in the roots of the hair follicles.
The hamster is also not entirely resistant to pinta.
Three of 30 hamsters inoculated by Turner & Hollander (1957) contained actively motile treponemes
in the lymph-nodes 10 weeks after inoculation with
pinta material, although further passage was not
achieved.
The hamster will accept T. cuniculi which produces,
usually, a symptomless infection, although the
organism can be found in the lymph-nodes. Clinical
lesions are occasionally encountered (Turner &
Hollander, 1957). However, as far as is known, there
is no natural infection in hamsters as occurs in
rabbits, and this is one reason why some workers
prefer hamsters. A disadvantage is that they may
hibernate in a cool room, and treponemal infections
may then retrogress (Turner & Hollander, 1957;
Bessemans, Van Haelst & de Wilde, 1935; Bessemans, de Wilde & de Moor, 1938; Bessemans,
Vandeputte & Baerte, 1956; Jahn.l, 1935, 1937). No
generalized lesions have been observed in the hamster
(Turner & Hollander, 1957). The histopathology of
lymph-nodes in hamsters with syphilis and yaws was
described by Hollander & Hardy (1960). By 1957
Turner & Hollander (1957) had inoculated over
1100 hamsters with one species of treponeme or
another, including those from cases of venereal
syphilis, endemic syphilis, yaws and pinta.
MONKEYS AND APES

Syphilis
According to Wilson & Miles (1955), Metchnikoff
& Roux (1903, 1904a, b, 1905, 1906) amplified the
earlier observations of Klebs in 1875-77 (see Klebs,
1932) that syphilis might be transmitted to the
anthropoid apes and less certainly to monkeys. It
was also shown (Metchnikoff & Roux, 1905) that
no disease developed in chimpanzees anointed with
calomel within two hours of surface inoculation.
The histology of the lesions in monkeys and chimpanzees was studied in Metchnikoff's laboratory
(Pasteur Institute, Paris) by Levaditi & Manouelian
(1905, 1906), and also in Russia (Zabolotnyj,
1905a, b; Pospelov, 1905; and others-Ov'innikov,
personal communication, 1962).
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Of the apes, the chimpanzee appears to be the
most susceptible. Metchnikoff & Roux inoculated
22 of these animals with human material on the
genitalia, thigh or eyebrow, obtaining " takes " in all
(Wilson & Miles, 1955). Chancres developed after
15-49 days (usually four weeks), as in the human,
and enlargement of the regional lymph-glands followed within a few days. Most animals developed
secondary signs three to nine weeks later (papular
skin eruption, palmar psoriasis, oral mucous patches
and enlarged spleen). These lesions were occasionally very severe and were accompanied by alopecia,
more severe skin eruptions, emaciation, paresis of
the hind limbs and even death. No lesions of tertiary
syphilis were encountered, but as many of the
animals died of bronchopneumonia before many
weeks had passed they scarcely had had time to
develop. Monkeys were also used by Neisser (1911),
and by Turner & Hollander (1957), who found no
involvement of the cerebrospinal fluid. Infected
monkeys develop positive serological reactions for
syphilis (Montserrat, 1933; Turner & Hollander,
1957). Uhlenhuth & Mulzer (1913) successfully
passed T. pallidum from human material into rabbits,
from rabbits into monkeys, and back into rabbits
again. Recently, Smith et al. (1965) performed intracisternal and intraocular inoculation of T. pallidum
into live owl-monkeys. Following intracisternal
inoculation anisocoria was a frequent finding.
Flame haemorrhages and neurological signs (thirdnerve paresis and nystagmus) were noted in some
animals even before the serology became positive. In
two animals inoculated intramuscularly excised
lymph-nodes were shown to be infective although the
VDRL and TPI reactions were both negative at the
time.
Yaws

Monkeys can also be infected with yaws (Pearce &
Brown, 1925; Schobl, 1928; Turner & Hollander,
1957; Turner & Chambers, 1932). According to
Eagle (1948) the primary lesion of yaws in monkeys
clinically resembles yaws in man, and although
generalized yaws does not usually follow, this may be
produced by reinoculation. Nasal ulceration and
keratoses may be observed. For the initial inoculation rabbits are preferred to monkeys (Turner &

Hollander, 1957).
Yaws-infected monkeys develop positive serological reactions for syphilis (Montserrat, 1933)-see
also immunity experiments by Miyao (1930). It has
been stated that monkeys and apes cannot be in-

fected with T. cuniculi (see section 17, and alsoMcLeod & Turner, 1946, and Bessemans, de Wilde
& Van Thielen, 1938), although Turner & Hollander
(1957) reported the development of local lesions in
the rhesus monkey inoculated with this organism,
and a low-titre Wassermann antibody in about half
of animals inoculated.
MAN

As T. pallidum of syphilis may readily be passaged
in rabbits and can be stored in small rodents, man is
seldom used-apart from experiments on immunity.
therapy, etc., not connected directly with culture
(e.g., those of Leon y Blanco (1948) who studied
possible cross-immunity between syphilis and
pinta).
The situation is similar in regard to T. pertenue,
but man has also been used in testing cross-resistance
between yaws and syphilis (e.g., by Turner, 1936,
who reinoculated syphilis and yaws patients with
yaws treponemes), and similarly between yaws and
pinta (Gonqalves, 1946). No cross-immunity between pinta and syphilis was noted by Le6n y
Blanco (1939b): primary syphilis may occur unmodified in a pinta subject and vice versa. However,
Medina (1964) could not obtain lesions by inoculation with T. pertenue in pinta patients (except those
thoroughly treated), or in yaws patients (except those
treated in the early stages of the disease), or in
syphilis patients, but he succeeded in healthy
controls.
T. carateum, however, is a different proposition.
Although one claim has been made of the successful
transfer of pinta to rabbits (Leon y Blanco &
Oteiza, 1944, 1945) this was only achieved in one
rabbit, and in subculture it was man (and not
another rabbit) who had to serve as the indicator of
infection (see Eagle, 1948). The experiment was not
only not reproducible by these workers, but also has
not been repeated by others. Experimental manto-man transmission is the only sure way at present
of preserving strains of T. carateum in active
reproduction; and several workers (e.g., Leon y
Blanco, 1939a, b, 1948; Oteiza, 1945, 1949; Curbelo
et al., 1938; Gonqalves, 1946, 1949) have transmitted
pinta experimentally in this way.
Man cannot be infected experimentally with
T. cuniculi (Levaditi, Marie & Isaicu, 1921; Levaditi,
Marie & Nicolau, 1921; see McLeod & Turner.
1946; Turner & Hollander, 1957), although, in view
of experimental infection in monkeys, the last-
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named authors consider this point requires further
investigation.
For histology of cutaneous lesions and glands in
pinta, see Leon y Blanco (1940); and for bacteriological and serological aspects, see Rein (1954).
OTHER ANIMALS

According to Turner & Hollander (1957), no
mammalian species has been found to be wholly and
naturally resistant to treponemes. Dogs, cats, sheep,
heifers and pigs have also been experimentally
infected.
Dogs have been infected intra-ocularly (Hoffman
& Bruning, 1907). Bertarelli (1907) transferred the
disease from dogs back to rabbits, infected sheep
intra-ocularly, and also observed a suspect skin
lesion in a pig after inoculation, although Bessemans
& de Wilde (1935) failed in the dog, pig and frog.
Keratitis has also been produced in cats (Levaditi &
Yamanouchi, 1908), while Bdclere (1934) produced
dark-field-positive papules in heifers. Whether
naturally acquired treponemal infection corresponding to T. cuniculi infection in rabbits occurs with
other animal species deserves investigation (see
Turner & Hollander, 1957).
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19. SUMMARY AND CONCLUSIONS '
19.1 INTRODUCTION

Since the discovery of T. pallidum by Schaudinn &
Hoffmann (1904-05), it has been evident that the
next most significant advance would arise from the
successful culture by an easily reproducible method
of virulent T. pallidum (and associated organisms)
outside the body (Levaditi, 1908). In spite of early
claims (Volpino & Fontana, 1906; Schereschewsky,
1909; Noguchi, 191 la), this has not so far been
achieved. Some (e.g., Kast & Kolmer, 1943; see
Eagle, 1948) have considered that the cultured
'The bibliographical references in this summary section
are to the lists at the end of each of the sections summarized
(e.g., references under " 19.2 Taxonomy" are to the list on
pages 13-15) and not to the cumulative reference list in
section 21 below.

strains, purporting originally to have been derived
from syphilitic lesions, were really commensal
saprophytic organisms picked up at the time of the
original culture.
The achievement of successful culture of virulent
T. pallidum would help to settle many of the controversial points concerning morphology and possible life-cycle and ultramicroscopic phases of the
organism which have been discussed from the time it
was first discovered (see Coutts & Coutts, 1953). It
would also permit the evolving of simple and truly
specific diagnostic tests for the treponematoses; it
would aid in the classification of the various disease
syndromes of syphilis, yaws and pinta, and would
enable attempts to be made to produce mutation in
treponemes in vitro by varying environmental con-

